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One aspect of the present invention concerns an apparatus for producing ozone from 
a gas containing molecular oxygen, which comprises; 

tA/o spaced apart concentric tubes of a dielectrical material between which the gas 
passes, the inner of said concentric tubes containing an electrode with a plurality of 
windings of a conductive wire electrode around its inner surface or a central rod inside 
Its inne: surface; the outer of said concentric tubes having i plurality of windings of 
a conducting wire electrode around its outer surface, both of said electrodes bemg 
connected to a high voltage AC electric current device.whereby the current fJowing 
between the electrodes through the dielectric tubes and the passing gas converts at 
least some of the molecular oxygen to ozone. 

Another aspect of the present invention concerns a method for producing ozone from 
a gas containing molecular oxygen which comprises; passing the gas between two 
concentric tubes of a dielectric material, the inner of said concentric tubes containing 
an electrode with a plurality of windings of a conductive wire electrode around its inner 
surface or a central rod inside its inner surface the outer of said cor.centnc tubes 
having a plurality of w-ndings of a conductir^g wire e'ectrode around its outer surface. 
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both of said electrodes being connected to a high voltage AC elecVic current device, 
whereby the current flowing between the electrodes through the dieloctnc lubes and 
the passing gas converts at least some of the molecular oxygen to ozone 
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^\^^ present iiwontion concerns an apf)aratus and fiiethod for the production of ozone 
frorr^ a (jas containing molecular oxyger^ Ozone is an extrerTiely strong oxidizing 
agent that has luany uses such c^s a germicide, bacien^.ido or a general antiseptic 
A particuiai use of ozone, or ozonated air is in the purification of waste and 
wastewater, especially in the secondary or tertiary treatment of sewage Ozone is 
also used \\^ the chemical industry as an oxidizing agent 

There are several methods knowri for producing ozone from air by means of an 
electrical discf^arge Oxygen, or a gas containing molecular oxygen. usuaMv air. 
passes between two electrodes separated by a dielectric material and a space for the 
gas stream f-lowever. in these prior art methods the cost of producing even low 
concentrations of ozone is very high due to the low efficiency of these known 
processes The high cost of pi^oducmg ozone tends to discourage large commercial 
and industrial use of it, especially m the purification of water or wastewater The 
relatively low efficiency of existing apparatus for producing ozone leads to the 
consumption of large amounts of electricity to produce sufficient ozone for the desired 
use 

The existing apparatus exhibit their inefficiency by transfering much of their input 
energy to heat, and thus requiring expensive cooling systems as a result. The air 
discharge temperature of existing units can reach 300 C. when the cooling system 
fails, for example. It is therefore desirable to produce an efficient means of making 



o/one that docs not require cooling systems, and in winch the discharge temperature 

of the air has boon raised only m'nirnally 



Various apparatus have been used in the past to produce ozone. These devices 
generally have two electrodes separated by -dielectric barriers and space for the gas 
flow containing molecular oxygen, through which a high voltage electrical discharge 
passes Different arrangements of these integers are known, but a common 
arrangement -s for the two electrodes to be in the shape of concentric tubes which 
allow the feed gas to flow through the annular gap between the two tubes, which are 
also surrounded and separated by a dielectric material, usually glass The outer tube 
can be made of stainless steel while the inner electrode may comprise a thin metal 
layer deposited on the inside of the dielectric glass tube. Frequently, a commercial 
ozone generator will comprise a large number of these electrode pairs in order to 
produce sufficient ozone for the required purpose. 

In {he preseni invention, an improved rriethod and apparatus has been discovered for 
producing ozone in an efficient, and less costly manner than previously known. 

One aspect of the present invention concerns an apparatus for producing ozone from 
a gas containing molecular oxyg^in. which comprises; 

two spaced apart concentric tubes of a dielectrical material between which the gas 
passes, the inner of saia concentric tubes contaiMng an electrode with a plurality of 
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wuKLngs of a conducive wire electrode around .ts inrier suriace or a cer^tral rod inside 
as .,m(n siHlace. the outer of said concentric tut^es having a plurality of windings of 
a conducting wire electrode around its outer surface, both of said electrodes being 
connected .o a high voltage AC electric current device.whereby the current flowing 
between the electrodes through the dielectric tubes and the passing gas converts at 
least some of the molecular oxygen to ozone. 

Another aspect of the present invention concerns a method for producing ozone from 
a gas containing molecular oxygen which comprises: passing the gas between two 
concentric tubes of a dielectric matenal. the inner of said concentric tubes containing 
an electrode with a plurality of windings of a conductive wire electrode around its inner 
suriace or a central rod inside its inner surface the outer of said concentric tubes 
having a plurality of windings of a conducting wire electrode around its outer suriace. 
both of said electrodes being connected to a high voltage AC electric current device, 
whereby the current flowing between the electrodes through the dielectric tubes and 
the passing gas converts at least some of the molecular oxygen to ozone 

Preferably the apparatus described above is located within a casing having an inlet 
for the gas containing oxygen adjacent to. and at one end of. the annular passage 
between the two concentric tubes, and an outlet for discharging the gas containing 
ozone adjacent to. and at the other end of. the concentric tubes. 
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It IS also preferred \hai the .niet is a nozzle for ir^iecting a fast moving stream of gas 
through [Uc annular passage between the concentric tubes 

Preferably the gas is air or oxygen. It is also preferred that the gas, or air, or 
oxygenis compressed and above atmospheric pressure, and it is also preferred that 
the gas is cooled, to a temperature which is below normal operating temperatures, 
particular room temperature le 15 to 35 C. H.s also preferred that the gas or air or 
oxygen is dried to a dew point down to aboui • 60 C 

Preferably the electrodes are stainless steel or aluminium or copper It is most 
preferred that the inner and the outer electrode wire is stainless steel or aluminium 
steel of 0.1 to 5.0mm in diameter or flat wire. 

Preferably adjacent windings of the wire around circumference of the outer tube are 
each 0.01 to 30mm apart it is preferred that the number of windings along the tube 
IS at least 200. For small units the number of windings is preferably at least 3, and 
for large units is preferably at least 300. 



The voltage used to produce the ozone is most preferably between 7.000 to 60.000 
volts. The frequency of the AC current will normally be 50 to 700 Hz 



The rate of ozofie production in this apparatus will depend upon the rate of gas flow 
through the annular space between the pair of electrodes and dielectric cylinde.s. the 
applied voltage, the number of windings, the pitch of the winding spacing, the 
thickness of the dielectric layers, the thickness of the electric wire as well as the 
distance apart of the two electrodes, the frequency of the AC current and the moisiure 
content of the applied air of ozone Each of these factors can be adjusted to gi .'e the 
optimum ozone production. 

The invention is now discussed in more detail, with reference to the drawings 

Figure 1 shows a cross-section of a portion of the apparatus for producing ozone, 
along its axis. 

Figure 2 shows a perpendicular cross-section through the apparatus 

Figure 3 shows a large unit capable of containing several apparatus for producing 
ozone. 

Figure 4 shows a perpendicular cross section through a unit as in Figure 3 

In an example of the invention, which is not meant to be limiting, pressurised air is 
injected into the annular space between the concentric tubes through a nozzle. The 
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a,r passes between borosil.cate glass dieloctnc tubes The outer tube has stamless 
steel or aluminium wire wound around Us circumference, with each loop in close 
proximity to the next It .s preferred to use 316 grade ur 304L grade stainless steel 
wire, although other grades and types of wire can be used in place of these if desired 
The distance between each stainless steel or aluminium winding is a function of the 
power supply utilised. The preferred spacing .s between 0 1 and 30mm. with 0 1mm 
spacing producing the maximum ozone generation per meter of tube, up to the point 
of 07one destruction m the tube. This point of ozone destruction is generally a 
function of the air flow rate, as well as the tube length and the frequency of the 
applied AC current. 

-i he inner glass tube is fixed along the axis of the outer cylinder, and supported so 
that its surface is equidistant apart from the outer tube, and not touching The gap 
between the two tubes should be uniform. The centre of the .nner tube is occupied 
by a single stainless steel rod in this example, although an aluminium or stainless 
steel winding is preferred AC current with a voltage between about 7.000 and 60 000 
volts volts is applied to the outer windings, the current passing through the dielectric 
(glass) layers, the gas flow and to the inner rod electrode, to cause a corona to occur 
between the two dielectric glass layers. The air passing though the annular gap 
between the layers is introduced by a nozzle, ideally at a velocity so that the ozone 
produced passes out of the apparatus before any short-circuiting can occur, due to 
the conductivity of ozone. 
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The efficiency of this example is in the range of 35% to 60%, m terms of the oxygen 
transformed to ozone In air. tfiis means that 7% to 12% of is volume is converted 
to ozone, s.nce approximately 20"o of air is molecular oxygen 

The preferred air flow rate depends on a number of factors, including the size of the 
apparatus. ttie concentration of ozone required to be produced and the size and 
arrangement of the other integers which make up the apparatus For example, if air 
IS injected at a rate of 8 litres of air per minute into the ozone producing apparatus 
of the invention, there will be produced up to 4 2 or M» grams of ozone per hour, 
when measured at STP (standard temperature and pressure) 



In the present example, the temperature rise in the air discharge is in the order of 2 

• • « 

•* • or 3 C. which indicates the unit is operating very efficienily. especially when 
'•.t compared with prior art units. No cooling system is therefore necessary. 

However, the efficiency of ozone production will also improve if the gas is cooled and 
has a low dew point before passing through the d. ^ge. If gas under high 
pressure is used, the compression process will normally raise the temperature of the 
gas. Therefore. ccolmg can be applied to the gas either to reduce it to room 
temperature, or oven below room temperature if necessary. 



,n .he present example, tt.e power consurT.p„on per k.lograr^ of ozor.e has been 
-neasured to be between 3 0 ar.d 1 0 0 kw hours, depending upon the a.r quaMy . when 
au IS tniected into the unit at 5 to 15 psi. (gauge) 

Turning to the drawir.gs, F.gur. 1 sl.ows scher..at,cally an apparatus 1 for producing 
ozone from a gas, such as a.r. which contains molecular oxygen Figure 1 shows a 
cross-sect.onal repceseritat.on along the axis of the concentric cyimoers whereas 
Figure 2 shows a perpendicular cross-section The apparatus 1 co.7ipr.ses two 
spaced apad concentric tubes of a dielectric material 2 such as glass having an 
annular space 3 through which the gas or a.r can p.iss. Figure 1 shows the direction 
which the gas may flow The inner of the concentric dielectric tubes contains an 
alectrode 4. The outer o* thv- concentric tubes 2 has a number of windings 
of a conducting wire electrode 5 around its outer surtace. the wire being connected 
to a high voltage AC electric current supply. When the current is flowing, the silent 
electric discharge between the electrodes 4 and 5 through the gas in the passage 3 
changes molecular oxygen into ozone. 



The number of windings 5 of the outer electrode wire can vary, and so can the 
distance apart and pitch of each winding. As each cycle of AC current passes along 
the wire, causing each wire to form a corona between the windings and the central 
stainless steel rod 4. or windings similar to the outer windings and as the AC current 
normally oscillates at 50 cycles per second, the corona discharge created between 
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the eleclfode windings and the central core will give 100 rolling discharges per 
second Thus an ozone producing apparatus in accordance with he invention witl^ 50 
or more windings will have an effectively continuous corona discharge between the 
two electrodes over the length of ttie windings. At AC frequency up to 700 cycles per 
second the efficiency of ozone production is increased 3 fold over 50 cycles per 
second. 

Figure 3 is a representation of a unit designed to operate with 150 windings The 
outer protective tube 10. has a diameter of 1 10mm and a length of 440mm The tube 
10 can house up to 7 separate ozone producing tubes The end section of such an 
arrangement is shown in figure 4 

Figure 3 shows the unit 10 containing a single ozone producing unit At each end of 
the unit is a centre electrode support 1 1, The outer electrode consists of stainless 
steel wire, 12. which has a diameter of 1mm. The outer diameter of the windir^s is 
24mm. The inner electrode is a stainless steel 316 rod. 13. which has a diameter of 
9.6mm. Surrounding the rod 13 is a borosilicate silicate glass tube 15. also with a 
wall thickness of 1 .2mm, but with an inner diameter of 20mm. Supporting the unit is 
a PVC "Coronce' tube baffle and support plate 16. The air inlet 17 has a diameter 
of 4mm, as does the air outlet 18. The total diameter of the outer protective tube is 
115mm, and the length is 440mm In this example, the high voltage current is 
connected to the inner electrode, and outer electrode. The arrangement shown in 
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figures 3 and 4 is capaole of producing up to 30 kg of ozone, per hour from an air 
fo(Mi and 84 kg/hour frorri an oxygen feed, both at a dew point of minus 40 C The 
desirable minus 40 to 50 C dew point is achieved by installing an air dryer between 
ttie air/oxygen supply and tf^e unit Alternatively instrument air or dry oxygen from a 
bottled sourer can be utilized 

It IS also an advantage if the air or gas is cooled, since it is known that when 
dissolving ozone in water then the lower the temperature of the ozone then the higher 
the ozone concentration will become Also, since cooler gas is more dense, then the 
greater density of cooler gas will assist the efficiency of the ozone production process 

This IS particularly useful in using ozone to treat wastewater and to disinfect water 
supplies Ozone has many advantages in the treatment of water, and is an eventually 
harmless additive, as unreacted ozone inevitably returns to the atmosphere as 
molecular oxygen. The dose rate ofceone to disinfect clean water may be as little as 
C.I to 0.2mg/litre, whereas heavily contaminated wastewater may require up to 
30mg/litre to completely disinfect it Therefore it can be seen that a cheap, effective 
method of producing ozone has great potential in water treatment, as well as in the 
previously krK)wn uses. 

The present invention also concerns the apparatus and method referred to above 
whereby the production of ozone is monitored by the use of Ultra Violet LED (light 



errntttfUj ciiocie) which emits light having a frequency of 253 7mm Light of this 
frequoficy is reflected by ozone, and by measuring the hght intensity at a distance 
form the LI D and allowing the ozone containing air stream to pass between, then the 
concentration of ozone in that air stream can easily be calculated. With the present 
apparatus, it is preferred to place the unit as close as possible to the outlet from the 
ozone apparatus providing it is r^ot within the light field from the corona discharge 
The ozone measuring unit can be calibrated with standard chemical titration, such as 
that using potassiufii iodide as described in the standard reference text "Standard 
Methods", 16th edition. 

It is preferred that the ozone apparatus be enclosed within a protective case as 
shown in Figures 3 and A. The apparatus will be located in the case so that 
circulating air can cool the outer windings. The tubes will be held firmly within the 
casing A preferred construction of the casing is to use uPVC pipe with glued on end 
caps; each end cap having the centrally located inlet or outlet. Preferably class 6 to 
18 uPVC pipe can be used. The protective casing protects the ozone apparatus from 
damage in industrial use. and uPVC pipe is known to be suitable for use in ozone 
containing atmospheres and in use. it has been found that this material is not 
measurably degraded by the ozone. The uPVC also provides good electrical 

A" 

insulation to theceone apparatus. A large number of units can be provided together 
in parallel to produce a greater supplier of zone if necessary. 
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The air supply to the apparatus of the invention would normally pass through a 
commercial moisture trap and dust filter to ensure that moisture or dust is not present 
to cause short-circuiting within the unit, and a consequent reduction uf efficiency, 
thence an air dryer would be installed to achieve a dew point of minus 40 to 50 C 

The apparatus of the present invention has been found to be highly economic in its 

\ 1 

production of ozone. A unit with 203 windings has a capacity to produce over 
ozone per hour. It additional ozone is required, then several such units can be 
arranged in parallel to produce multiples of this amount. 

Units with more windings will produce proportionally more ozone, dependent upon the 
increase in air flow rate. 

The above example and drawings are not meant to be limiting on the invention, and 
various modifications which are obvious to persons skilled in the art of the invention 
can be made to the invention without departing from its general scope 
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